IolT2 and the PTS component Hpr could not grow with glucose as sole carbon source. Efficient 23 glucose utilization in the absence of the PTS necessitated overexpression of a glucokinase gene in 24 addition to either iolT1 or iolT2. IolT1 and IolT2 are low affinity glucose permeases with K S -values 25 of 2.8 mM and 1.9 mM, respectively. As glucose uptake and phosphorylation via the PTS differs 26 from glucose uptake via IolT1 or IolT2 and phosphorylation via glucokinase by the requirement for 27 phosphoenolpyruvate, the roles of the two pathways for L-lysine production were tested. The L-28 lysine yield by C. glutamicum DM1729, a rationally engineered L-lysine producing strain, was 29 lower than by its PTS-deficient derivate DM1729∆hpr, which, however, showed low production 30 rates. Combined overexpression of iolT1 or iolT2 with ppgK, the gene for PolyP/ATP-dependent 31 glucokinase, in DM1729∆hpr enabled L-lysine production as fast as by the parent strain DM1729, 32
Introduction
(48, 60) and the deletion of pck resulted in an increase in L-lysine production (51, 56). Recently,
Materials and Methods

91
Microorganisms and cultivation conditions 92
For plasmid-construction Escherichia coli DH5α (27) was used and cultured in lysogeny broth 93 complex medium (LB) (59). C. glutamicum strains and plasmids used are listed in Table 1 . 94
Precultivation of C. glutamicum and cultivation of E. coli were carried out in LB. For selection on 95 pVWEx1 and derivates in E. coli 50 µg ml -1 and in C. glutamicum 25 µg ml -1 kanamycin was 96 added. For selection on the overexpression plasmids pEKEx3, pBB1, and their derivates, 97 spectinomycin (100 µg ml -1 ) or chloramphenicol (6 µg ml -1 ) were used, respectively. CgXII 98 minimal medium (14) was used for growth, glucose uptake, and L-lysine production experiments. 99
Cells were harvested in the exponential growth phase by centrifugation (3220 g, 10 min) and 100 washed twice in CgXII medium without carbon source. For induction, up to 1 mM of isopropyl β-101 D-1-thiogalactopyranoside (IPTG) was added to the medium. Cultivations were carried out in 50 ml 102 in 500 ml baffled shaking flasks at 120 rpm and 30°C. 103
Construction of expression vectors 104
For IPTG inducible overexpression, vectors pEKEx3 (67) and pVWEx1 (48) were used while pBB1 105 (8) was used for constitutive expression. Genes were amplified via PCR from genomic DNA of C. 106 glutamicum ATCC 13032 (16). PCR was performed using the oligonucleotide primers listed in 107 Table 2 . For pEKEx3 vectors, PCR products were cloned blunt into SmaI restricted pEKEx3. For 108 pVWEx1 vectors, the primer attached restriction sites of iolT1 and iolT2 were used. A list of used 109 vectors is shown in Table 1 . 110
Construction of C. glutamicum mutant strains 111
The in frame deletion of hpr was constructed in C. glutamicum WT and DM1729 using 112 pK19mobsacB (63). Flanking regions of hpr were amplified by PCR using the primer pairs ∆hpr_A 113 and ∆hpr_B, and ∆hpr_C and ∆hpr_D. The two hpr flanking PCR products and ∆hpr_A and 114 ∆hpr_D were used in a cross-over PCR. The resulting product was cloned into pK19mobsacB 115 resulting in pK19mobsacB∆hpr. Gene-deletion with pK19mobsacB∆hpr was carried out as 116 described previously (58). The deletion of hpr was verified by PCR using the primer-pairs ∆hpr-117
Ver-fw and ∆hpr-Ver-rv. 118
Inactivation of ptsG (cg1537) was achieved by insertion mutagenesis. For this purpose, a 571-bp 119 internal fragment of the ptsG locus was amplified by PCR using the primers imptsG-fw and 120 imptsG-rv and cloned into vector pDrive according to the manufacturer's instructions. The resulting 121 plasmid pDrive-ImptsG was isolated and used for gene disruption as described previously (31) . 122
Integration into the genome in the resulting strain C. glutamicum IMptsG was verified by PCR 123 using primers ptsG-Ver-fw and M13-FP. Oligonucleotide primers used are listed in Table 2 . 124
Gene expression analysis 125
For the comparison of transcriptomes of C. glutamicum strains, cells growing exponentially in LB 126 medium were harvested at OD 600 of 4 (71). RNA purification, transcription to cDNA, fluorescent 127 labeling, and hybridization was performed as described previously (41, 54, 71). Image analysis was 128 done using the program GENEPIX PRO 3.0 (Axon Instruments), normalization and handling were 129 carried out as described previously (53 200 µl samples were filtered through glass fibre filters (Typ F; Millipore, Eschborn, Germany) and 147 washed twice with 2.5 ml of 100 mM LiCl. Radioactivity of the samples was determined using 148 scintillation fluid (Rotiszinth; Roth, Germany) and a scintillation counter (LS 6500; Beckmann, 149
Krefeld, Germany). Kinetic parameters as well as standard errors were derived from nonlinear 150 regressions according the Michaelis-Menten equation by using the Sigma Plot software. 151
Results
153
Residual glucose utilization by C. glutamicum strains lacking functional ptsG or hpr 154
To confirm the presence of EII-glc independent glucose utilization in C. glutamicum, the ptsG-155 inactivation mutant C. glutamicum IMptsG was constructed by insertional mutagenesis. Growth of 156 C. glutamicum IMptsG in minimal medium with 100 mM glucose as sole carbon source was 157 severely impaired when compared to WT (growth rates of 0.06 ± 0.02 h -1 and 0.37 ± 0.03 h -1 , 158 respectively) (Figure 2 ). After prolonged incubation (72 h) the mutant strain reached a final biomass 159 concentration of 4.6 ± 0.6 g DW l -1 , which is significantly lower than that (7.6 ± 0.4 g DW l -1 ) of C. 160 glutamicum WT. By contrast, growth of C. glutamicum IMptsG in minimal medium with sucrose or 161 fructose as sole carbon source was comparable to WT (data not shown). Fast growth of C. 162 glutamicum IMptsG was restored by constitutive expression of ptsG via pBB1-ptsG, (Figure 2 ; 163 growth rate 0.32 ± 0.06 h -1 ), while IMptsG(pBB1) grew as slow as IMptsG (Figure 2 ; growth rate 164 0.05 ± 0.02 h -1 ). To determine if EII-suc or EII-fru play a role in glucose uptake in the absence of 165 EII-glc, C. glutamicum ∆hpr, which lacks the general PTS component Hpr, was constructed. C. 166 glutamicum ∆hpr did not grow with the PTS-sugars fructose and sucrose, but retained slow growth 167 with glucose (0.03 ± 0.00 h -1 for C. glutamicum ∆hpr(pEKEx3) compared to 0.34 ± 0.00 h -1 of 168 WT(pEKEx3)). The growth phenotype was restored by plasmid borne expression of hpr in strain C. 169 glutamicum ∆hpr(pEKEx3-hpr) (0.34 ± 0.01 h -1 ). Thus, the slow growth of C. glutamicum ∆hpr in 170 glucose minimal medium involves PTS-independent glucose uptake. 171
172
Characterization of PTS-independent glucose uptake by C. glutamicum 173
To characterize glucose uptake by C. glutamicum, we initially performed transport assays with 174 various low concentrations (1 µM to 110 µM) of [ Figure 3A ). However, no indications for 177 the presence of a further glucose uptake system, such as biphasic dependence of the uptake rate on 178 substrate concentrations, were present at these low glucose concentrations. In addition, no uptake of 179 [
14 C]-labeled glucose could be detected in transport assays with C. glutamicum IMptsG, ∆hpr, and 180 IMptsG(pBB1) at these low substrate concentrations. Uptake of labeled glucose was restored in C. 181 glutamicum IMptsG(pBB1-ptsG) (glucose uptake rate at 50 µM external glucose 32 ± 1 nmol min -1 182 mg -1 DW). In apparent contradiction to the data from these transport assays, the data from growth 183 experiments of PTS mutants described above showed the presence of further uptake systems for 184 glucose, however, at much higher glucose concentrations. Therefore, we also performed glucose 185 transport assays with C. glutamicum WT, IMptsG, and ∆hpr at increased glucose concentrations 186 (0.5 mM, 1 mM, and 2 mM glucose). Although signal-to-noise ratios were rather low at glucose 187 concentrations above 0.5 mM, glucose uptake could be determined for all three strains (glucose 188 uptake rates of 36 ± 2 nmol min -1 mg -1 DW for WT, 0.7 ± 0.1 nmol min -1 mg -1 DW for IMptsG, and 189 0.6 ± 0.2 nmol min -1 mg -1 DW for ∆hpr at 1 mM glucose). Taken together, these data show that ptsG encoded EII-glc catalyzes the high affinity, fast uptake of 198 glucose and indicate a low glucose affinity of the PTS-independent glucose uptake system in C. The transcriptomes of the C. glutamicum suppressor mutants ∆hpr(pEKEx3-glk)-GSM, 218 ∆hpr(pEKEx3-glk(Ec))-GSM, and ∆hpr(pEKEx3-ppgK)-GSM were compared to those of the 219 respective parent C. glutamicum strains ∆hpr(pEKEx3-glk), ∆hpr(pEKEx3-glk(Ec)), and 220 ∆hpr(pEKEx3-ppgK) by DNA microarray analyzes after growth in LB. Each transcriptome 221 comparison revealed higher mRNA levels of genes involved in inositol utilization in the C. 222 glutamicum suppressor mutants than in the parent strains (Table 3) . Among these genes were the 223 two genes encoding the permeases iolT1 (cg0223) and iolT2 (cg3387). IolT1 and IolT2 transport 224 inositol and fructose (6, 36) and share 27 and 26 % sequence identity with the glucose facilitator Glf 225 of Zymomonas mobilis. Thus, IolT1 and IolT2 were good candidates for glucose transporters and, 226 hence, for suppression of the growth retardation in the absence of the PTS. 227
As the inositol utilization genes are induced by inositol (36), it was tested whether strains 228 ∆hpr(pEKEx3-glk), ∆hpr(pEKEx3-glk(Ec)), and ∆hpr(pEKEx3-ppgK), which showed slow growth 229 To determine if iolT1 and/or iolT2 and ppgK are required for PTS-independent glucose 237 utilization, C. glutamicum deletion mutants ∆hpr∆ppgK and ∆iolT1∆iolT2∆hpr were constructed 238 and their growth in glucose minimal medium was compared to WT, ∆iolT1∆iolT2, and ∆ppgK. 239
Growth of ∆iolT1∆iolT2 (0.31 ± 0.00 h -1 ) and ∆ppgK (0.30 ± 0.00 h -1 ) was similar and almost as 240 fast as WT (0.37 ± 0.00 h -1 ). Slow growth was observed for ∆hpr (0.04 ± 0.00 h -1 ) and even slower 241 growth for ∆hpr∆ppgK (0.03 ± 0.00 h -1 ). However, no growth with 100 mM glucose as sole carbon 242 source was observed for the mutant ∆iolT1∆iolT2∆hpr indicating that either the PTS or IolT1 or 243
IolT2 are required for growth of C. glutamicum in glucose minimal medium. Plasmid-borne 244 expression of iolT1 or iolT2 in C. glutamicum strains ∆iolT1∆iolT2∆hpr(pVWEx1-iolT1) and 245 ∆iolT1∆iolT2∆hpr(pVWEx1-iolT2) restored growth on CgXII agar plates containing 100 mM 246 glucose, while C. glutamicum ∆iolT1∆iolT2∆hpr(pEKEx3) did not grow (data not shown). 
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To establish that increased expression of iolT1 or iolT2 is sufficient for fast growth of C. 250 glutamicum ∆hpr(pEKEx3-ppgK) in minimal medium with 100 mM glucose as sole substrate, 251 growth of strains carrying plasmids for IPTG-inducible expression of iolT1 (pVWEx1-iolT1) or 252 iolT2 (pVWEx1-iolT2) were analyzed. Growth from glucose of C. glutamicum ∆hpr strains solely 253 overexpressing iolT1 or iolT2 was improved to 0.09 ± 0.00 h -1 for ∆hpr(pVWEx1-iolT1)(pEKEx3) 254 and 0.09 ± 0.00 h -1 for ∆hpr(pVWEx1-iolT2)(pEKEx3) compared to 0.04 ± 0.00 h -1 for 255 ∆hpr(pVWEx1)(pEKEx3), but was not restored to the wild-type level (Table 4) . 256
To test whether the growth defect of C. glutamicum ∆hpr in glucose minimal medium can be 257 overcome by the combined overexpression of a transporter gene, iolT1 or iolT2, and a glucokinase 258 gene, strains C. glutamicum ∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and ∆hpr(pVWEx1- (Table 4B) . Thus, overexpression of ppgK with 265 either iolT1 or ilT2 in a PTS-deficient strain sustained fast growth in glucose. 266
As expected, cultivations with varying initial glucose concentrations (2 mM to 100 mM) revealed 267 that high glucose concentrations were required to support half-maximal growth rates and K S -values 268 of 2.8 ± 0.6 mM for ∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and of 1.9 ± 0.7 mM for 269 ∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) were calculated (data not shown either iolT1 or iolT2 required high glucose concentrations for fast PTS-independent growth in 277 glucose minimal medium. 278 L-lysine production by C. glutamicum DM1729 and its PTS-mutant DM1729∆ ∆ ∆ ∆hpr 279
To study the effect of PTS-independent glucose uptake on L-lysine production the hpr deletion was 280 introduced into the genome of the L-lysine producing strain DM1729 resulting in C. glutamicum 281 DM1729∆hpr. L-lysine accumulation by C. glutamicum DM1729∆hpr from 4 % (w/v) glucose was 282 shown to be enhanced by 45 % (38 ± 3 mM as compared to 27 ± 1 mM for DM1729; Table 5 ). 283
Biomass formation of C. glutamicum DM1729∆hpr (15.2 ± 0.5 g DW l -1 ) was 18 % higher than that 284 of DM1729 (12.8 ± 0.6 g DW l -1 ). However, L-lysine accumulation by the hpr deletion mutant took 285 twice the time as compared to C. glutamicum DM1729, which is due to slowed growth in glucose 286 minimal media in strains lacking the PTS and was expected from the experiments with strains 287 derived from C. glutamicum WT (s. above). 288 L-lysine production of C. glutamicum strains utilizing glucose via IolT1-or IolT2-mediated 289 uptake and subsequent phosphorylation by PPGK 290
To test if combined overexpression of ppgK and either iolT1 or iolT2 is required for fast L-lysine 291 production from glucose in the absence of PTS, strains DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-292 ppgK) and DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) were constructed and analyzed for 293 lysine production. While lysine production from 4 % (w/v) glucose by DM1729 and derivates 294 overexpressing ppgK and iolT1 or iolT2 was comparable, strains DM1729∆hpr(pVWEx1-295 iolT1)(pEKEx3-ppgK) and DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) accumulated more 296 lysine (29 ± 1 mM and 32 ± 1 mM, respectively) than the control strain 297 DM1729(pVWEx1)(pEKEx3) (25 ± 1 mM; s. Table 5 ). Strains DM1729∆hpr(pVWEx1-298 iolT1)(pEKEx3-ppgK) and DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) also grew to slightly 299 higher biomass concentrations than DM1729(pVWEx1)(pEKEx3) (Table 5) . Notably, growth of 300 DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-301 ppgK) was much faster than that of DM1729∆hpr and as fast as that of 302 DM1729(pVWEx1)(pEKEx3) with glucose being consumed completely within 24 h of cultivation 303 (Table 5) . Thus, combined overexpression of iolT1 or iolT2 with ppgK in the PTS-deficient 304
DM1729∆hpr enabled L-lysine production as fast as by the parent strain DM1729, but with 10 to 305 20 % higher L-lysine yield. 306
Comparison of the kinetics of the formation of L-lysine and by-products in minimal medium with 4 307 % (w/v) glucose revealed that the specific L-lysine production rates observed with C. glutamicum 308 DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-309 ppgK) were higher (5.5 ± 0.4 and 5.3 ± 0.2 nmol mg -1 DW min -1 , respectively) than the rate of 4.3 ± 310 0.1 nmol mg -1 DW min -1 observed with DM1729(pVWEx1)(pEKEx3) ( Figure 5 ). The control strain 311 DM1729(pVWEx1)(pEKEx3) exhausted glucose much faster than strains DM1729∆hpr(pVWEx1-312 iolT1)(pEKEx3-ppgK) and DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK), but transiently 313 accumulated much higher concentrations of lactate and L-alanine than the latter strains ( Figure 5) . 314
During the phase of by-product formation, the specific glucose uptake rate of 315 DM1729(pVWEx1)(pEKEx3) of 67.5 ± 0.3 nmol mg -1 DW min -1 was considerably higher than 316 those of strains DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and DM1729∆hpr(pVWEx1-317 iolT2)(pEKEx3-ppgK) (45.8 ± 0.6 and 47.4 ± 3.0 nmol mg -1 DW min -1 , respectively). In summary, 318 the engineered PTS-deficient strains overexpressing ppgK and iolT1 or iolT2 utilized glucose 319 slightly slower than the parent strain, but did (nearly) not produce lactate and L-alanine as by-320 products which entailed high specific L-lysine production rates and increased L-lysine yields. 321
To test if improved L-lysine production by DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK), and 322 DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) was due to increased PEP carboxylation to 323 oxaloacetate, PEP carboxylase activities were measured in crude extracts obtained after growth in 324 glucose minimal medium. However, comparable PEP carboxylase activities were determined for 325 on November 12, 2017 by guest http://aem.asm.org/ Downloaded from the three strains DM1729(pVWEx1)(pEKEx3), DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and 326 DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) (0.069 ± 0.006, 0.066 ± 0.011, and 0.076 ± 0.012 327 µmol min -1 mg -1 , respectively). 328
Discussion
329
The inositol transporters IolT1 and IolT2 of C. glutamicum have been shown here to transport 330 glucose. PTS-deficient strains overexpressing iolT1 or iolT2 showed half-maximal growth rates at 331 2.8 mM and 1.9 mM glucose, respectively. At a similar concentration (4.1 mM) the Z. mobilis 332 glucose facilitator Glf showed half-maximal activity (69). In contrast, the glucose permeases of 333
Mycobacterium smegmatis (52)
Glucose is a less preferred substrate of IolT1 and IolT2 from C. glutamicum as transport of inositol 336 occurs with an almost 100 fold higher affinity than glucose (36). Fructose, a hexose as glucose, has 337 also been reported as a minor substrate of IolT1 and IolT2 (6). While also relatively broad, the 338 substrate specificity of the glucose facilitator Glf from Z. mobilis encompassing several hexoses 339 (glucose, mannose, and fructose) and the pentose xylose differs from that of IolT1 and IolT2 from 340 C. glutamicum, as transport of sugar alcohols by Glf from Z. mobilis has not been described (46, 55, 341
69-70). 342
The inability of the C. glutamicum triple mutant ∆iolT1∆iolT2∆hpr to grow with glucose as 343 sole carbon source showed that no other glucose uptake systems besides the PTS and the inositol 344 permeases are active under these conditions. Besides the functionally redundant permeases IolT1 345 and IolT2, the PolyP-dependent glucokinase was shown to be relevant for phosphorylation of 346 glucose imported via IolT1 or IolT2 as deletion of ppgK in C. glutamicum ∆hpr further reduced 347 growth on glucose. We have shown previously that PolyP-dependent glucokinase is relevant for 348 growth on high glucose concentrations based on the finding that a ppgK deletion mutant showed 349 reduced growth rates and biomass concentrations only at high, but not at low glucose concentrations 350 (38). Thus, PTS-independent glucose uptake via IolT1/IolT2 and phosphorylation via glucokinases 351 is relevant only at high glucose concentrations. This notion is also supported by the low affinities of 352 on November 12, 2017 by guest http://aem.asm.org/
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IolT1, IolT2 and PPGK for glucose (2.8 mM, 1.9 mM, and 1 mM, respectively) reported here and 353
elsewhere (38). 354
The finding that a C. glutamicum strain lacking PTS and PPGK could still grew, albeit 355 slowly, in glucose minimal medium indicated that glucose taken up via IolT1 or IolT2 may be 356 phosphorylated by a glucokinase other than PPGK. The ATP-dependent glucokinase encoded by 357 glk has not been described to be involved in growth with glucose, however, a glk mutant showed 358 growth perturbations in maltose media (45), which was also observed for a ppgK mutant (38). 359
During utilization of maltose or maltodextrins glucose is generated intracellularly (65), thus, 360 necessitating glucose phosphorylation by Glk or PPGK. When iolT1 or iolT2 are overexpressed in 361 the PTS-deficient mutant ∆hpr, glucose phosphorylation becomes rate-limiting because growth 362 rates in glucose medium comparable to wild type were only observed if ppgK was overexpressed 363 (Table 4) . PTS-deficient strains of E. coli are known to take up glucose via the galactose permease 364
GalP as the galP gene is upregulated in these strains and as inactivation of galP abrogates glucose 365 transport in these strains (18, 21). However, only if expression of the glucokinase gene glk from E. 366 coli is upregulated in evolved mutants or by plasmid-borne homologous overexpression growth 367 rates comparable to the wild type could be obtained (28). Expression of the genes for the glucose 368 facilitator from Z. mobilis and for glucokinase enabled PTS-independent glucose utilization in E. 369 coli (66, 69). Expression of glf in combination with the gene for fructokinase from Z. mobilis 370 allowed for growth of fructose-negative E. coli mutants with fructose as sole carbon source (69). 371 PTS-independent uptake and phosphorylation of glucose in C. glutamicum is relevant under 372 high glucose concentration as demonstrated here and elsewhere (25). While rare in nature, high 373 glucose concentrations typically occur during the initial phase of batch cultivations, e.g. in amino 374 acid production processes with C. glutamicum. The replacement of PTS-mediated glucose uptake 375 and phosphorylation by uptake via IolT1/IolT2 and followed by phosphorylation via PPGK in the 376 L-lysine producing recombinants DM1729∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) and 377 DM1729∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) led to accumulation of 10-20 % more L-lysine as 378 on November 12, 2017 by guest http://aem.asm.org/ Downloaded from compared to DM1729(pVWEx1)(pEKEx3). These strains utilized glucose slightly slower than the 379 parent strain and showed high specific L-lysine production rates, but did (nearly) not produce the 380 by-products lactate and L-alanine which are derived from pyruvate, indicating a lower pyruvate 381 availability. However, a concomitant effect of slower growth and glucose consumption on L-lysine 382 production and reduced pyruvate derived by-product accumulation cannot be excluded, albeit an 383 increased L-lysine production based on simple growth deceleration has not been reported. No hints 384 for enhanced carbon flux via PEP carboxylase to oxaloacetate have been shown during PTS-385 independent growth and L-lysine production, since PEP carboxylase activity was comparable to the 386 parental strain. In E. coli, strains engineered for PTS-independent glucose uptake showed improved 387 production of aromatic compounds such as phenylalanine, shikimate and anthranilate (5, 9, 17, 19-388 20, 28, 37, 72) as a consequence of reduced pyruvate and increased PEP levels in the cells. For 389 example, expression of the genes for galactose permease and glucokinase in PTS-negative E. coli 390 strains with high bypassed PEP usage for glucose phosphorylation and resulted in a higher yield of 391 3-deoxy-D-arabinoheptulosonate-7-phosphate, which was assumed to be a consequence of an 392 increased level of PEP, the immediate precursor of 3-deoxy-D-arabinoheptulosonate-7-phosphate 393 (20, 23). As PTS-deficient E. coli strains showed a higher flux via pyruvate kinase (10), one of the 394 pyruvate kinase genes, i.e. pykF, was deleted and shown to further increase PEP availability (17). In 395 C. glutamicum, however, deletion of the pyruvate kinase gene pyk did not improve L-lysine 396 production possibly because PEP availability was not increased due to a metabolic by-pass from 397 PEP to pyruvate involving malic enzyme (7, 41). It is currently unknown whether deletion of pyk in 398 malic enzyme-deficient or PTS-deficient strains is viable, and if so, whether amino acid production 399 is affected positively. 400
In conclusion, this work revealed that overexpression of the genes for the inositol transporters IolT1 401 or IolT2 in combination with overexpression of glucokinase genes enables efficient PTS-402 independent glucose utilization. When applied to lysine producing strains lysine yields could be 403 increased by 10-20% while maintaining high production rates. 404 WT(pVWEx1)(pEKEx3) 0.32 ± 0.02 9.4 ± 0.0 WT(pVWEx1)(pEKEx3-ppgK) 0.31 ± 0.00 9.3 ± 0.1 WT(pVWEx1-iolT1)(pEKEx3) 0.26 ± 0.00 8.8 ± 0.2 WT(pVWEx1-iolT2)(pEKEx3) 0.33 ± 0.00 8.7 ± 0.2 WT(pVWEx1-iolT1)(pEKEx3-ppgK) 0.20 ± 0.01 7.8 ± 0.0 WT(pVWEx1-iolT2)(pEKEx3-ppgK) 0.33 ± 0.00 9.4 ± 0.2 ∆hpr(pVWEx1)(pEKEx3) 0.04 ± 0.00 n.d. ∆hpr(pVWEx1)(pEKEx3-ppgK) 0.04 ± 0.01 8.9 ± 0.2 ∆hpr(pVWEx1-iolT1)(pEKEx3) 0.09 ± 0.00 6.7 ± 0.1 ∆hpr(pVWEx1-iolT2)(pEKEx3) 0.09 ± 0.00 7.5 ± 0.2 ∆hpr(pVWEx1-iolT1)(pEKEx3-ppgK) 0.31 ± 0.00 8.5 ± 0.1 ∆hpr(pVWEx1-iolT2)(pEKEx3-ppgK) 0.30 ± 0. 
